2362 Familial male-limited precocious puberty Also called testotoxicosis,

familial male-limited precocious puberty is an autosomal dominant
disorder caused by activating mutations in the LH receptor, leading to
constitutive stimulation of the cyclic AMP pathway and testosterone
production. Clinical features include premature androgenization in
boys, growth acceleration in early childhood, and advanced bone age
followed by premature epiphyseal fusion. Testosterone is elevated, and
LH is suppressed. Treatment options include inhibitors of testosterone synthesis (e.g., ketoconazole), AR antagonists (e.g., flutamide and
bicalutamide), and aromatase inhibitors (e.g., anastrazole).
McCune-Albright syndrome This is a sporadic disorder caused by
somatic (postzygotic) activating mutations in the Gsα subunit that
links G protein–coupled receptors to intracellular signaling pathways
(Chap. 426e). The mutations impair the guanosine triphosphatase
activity of the Gsα protein, leading to constitutive activation of adenylyl
cyclase. Like activating LH receptor mutations, this stimulates testosterone production and causes gonadotropin-independent precocious
puberty. In addition to sexual precocity, affected individuals may have
autonomy in the adrenals, pituitary, and thyroid glands. Café au lait
spots are characteristic skin lesions that reflect the onset of the somatic
mutations in melanocytes during embryonic development. Polyostotic
fibrous dysplasia is caused by activation of the parathyroid hormone
receptor pathway in bone. Treatment is similar to that in patients with
activating LH receptor mutations. Bisphosphonates have been used to
treat bone lesions.
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Congenital adrenal hyperplasia Boys with congenital adrenal
hyperplasia (CAH) who are not well controlled with glucocorticoid
suppression of adrenocorticotropic hormone (ACTH) can develop
premature virilization because of excessive androgen production by
the adrenal gland (Chaps. 406 and 410). LH is low, and the testes
are small. Adrenal rests may develop within the testis of poorly controlled patients with CAH because of chronic ACTH stimulation;
adrenal rests do not require surgical removal and regress with effective glucocorticoid therapy. Some children with CAH may develop
gonadotropin-dependent precocious puberty with early maturation of
the hypothalamic-pituitary-gonadal axis, elevated gonadotropins, and
testicular growth.
Heterosexual Sexual Precocity Breast enlargement in prepubertal boys
can result from familial aromatase excess, estrogen-producing tumors in
the adrenal gland, Sertoli cell tumors in the testis, marijuana smoking, or
exogenous estrogens or androgens. Occasionally, germ cell tumors that
secrete hCG can be associated with breast enlargement due to excessive
stimulation of estrogen production (see “Gynecomastia,” below).

Approach to the Patient:
Precocious Puberty
After verification of precocious development, serum LH and FSH
levels should be measured to determine whether gonadotropins are
increased in relation to chronologic age (gonadotropin-dependent)
or whether sex steroid secretion is occurring independent of LH and
FSH (gonadotropin-independent). In children with gonadotropindependent precocious puberty, CNS lesions should be excluded
by history, neurologic examination, and MRI scan of the head.
If organic causes are not found, one is left with the diagnosis of
idiopathic central precocity. Patients with high testosterone but
suppressed LH concentrations have gonadotropin-independent
sexual precocity; in these patients, DHEA sulfate (DHEAS) and
17α-hydroxyprogesterone should be measured. High levels of
testosterone and 17α-hydroxyprogesterone suggest the possibility
of CAH due to 21α-hydroxylase or 11β-hydroxylase deficiency. If
testosterone and DHEAS are elevated, adrenal tumors should be
excluded by obtaining a computed tomography (CT) scan of the
adrenal glands. Patients with elevated testosterone but without
increased 17α-hydroxyprogesterone or DHEAS should undergo
careful evaluation of the testis by palpation and ultrasound to
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exclude a Leydig cell neoplasm. Activating mutations of the LH
receptor should be considered in children with gonadotropinindependent precocious puberty in whom CAH, androgen abuse,
and adrenal and testicular neoplasms have been excluded.

Treatment

Precocious Puberty

In patients with a known cause (e.g., a CNS lesion or a testicular
tumor), therapy should be directed toward the underlying disorder.
In patients with idiopathic CPP, long-acting GnRH analogues can
be used to suppress gonadotropins and decrease testosterone, halt
early pubertal development, delay accelerated bone maturation,
prevent early epiphyseal closure, promote final height gain, and
mitigate the psychosocial consequences of early pubertal development without causing osteoporosis. The treatment is most effective
for increasing final adult height if it is initiated before age 6. Puberty
resumes after discontinuation of the GnRH analogue. Counseling is
an important aspect of the overall treatment strategy.
In children with gonadotropin-independent precocious puberty,
inhibitors of steroidogenesis, such as ketoconazole, and AR antagonists have been used empirically. Long-term treatment with spironolactone (a weak androgen antagonist) and ketoconazole has been
reported to normalize growth rate and bone maturation and to
improve predicted height in small, nonrandomized trials in boys with
familial male-limited precocious puberty. Aromatase inhibitors, such
as testolactone and letrozole, have been used as an adjunct to antiandrogen and GnRH analogue therapy for children with familial malelimited precocious puberty, CAH, and McCune-Albright syndrome.
Delayed Puberty
Puberty is delayed in boys if it has not ensued by age 14, an age that
is 2–2.5 standard deviations above the mean for healthy children.
Delayed puberty is more common in boys than in girls. There are
four main categories of delayed puberty: (1) constitutional delay of
growth and puberty (~60% of cases); (2) functional hypogonadotropic
hypogonadism caused by systemic illness or malnutrition (~20% of
cases); (3) hypogonadotropic hypogonadism caused by genetic or
acquired defects in the hypothalamic-pituitary region (~10% of cases);
and (4) hypergonadotropic hypogonadism secondary to primary
gonadal failure (~15% of cases) (Table 411-1). Functional hypogonadotropic hypogonadism is more common in girls than in boys.
Permanent causes of hypogonadotropic or hypergonadotropic hypogonadism are identified in >25% of boys with delayed puberty.

Approach to the Patient:
Delayed Puberty
Any history of systemic illness, eating disorders, excessive exercise,
social and psychological problems, and abnormal patterns of linear
growth during childhood should be verified. Boys with pubertal
delay may have accompanying emotional and physical immaturity
relative to their peers, which can be a source of anxiety. Physical
examination should focus on height; arm span; weight; visual fields;
and secondary sex characteristics, including hair growth, testicular
volume, phallic size, and scrotal reddening and thinning. Testicular
size >2.5 cm generally indicates that the child has entered puberty.
The main diagnostic challenge is to distinguish those with constitutional delay, who will progress through puberty at a later age,
from those with an underlying pathologic process. Constitutional
delay should be suspected when there is a family history and when
there are delayed bone age and short stature. Pituitary priming by
pulsatile GnRH is required before LH and FSH are synthesized and
secreted normally. Thus, blunted responses to exogenous GnRH
can be seen in patients with constitutional delay, GnRH deficiency,
or pituitary disorders (see “GnRH Stimulation Testing,” above). On
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